Introduction
============

Worldwide, colorectal cancer (CRC) remains among the top three prevalent tumors among women and men according to Global Cancer Statistics with an estimated 1.4 million new cases and 693,900 deaths occurring in 2012 ([@bib1]). Meanwhile, the 5-year relative survival rate of CRC patients in all stages combined was 65% as estimated by current CRC statistics in the United States in 2019 ([@bib2]). Recently, CRC is gradually being considered as a hormone-related malignancy, and accumulating evidence suggests that sex hormones are relevant to its development ([@bib3]). There is an observational phenomenon and clinical evidence suggesting that men tend to have a much higher risk of CRC than women of the same age ([@bib4]).

As one of the most important sex hormones, androgens seem to exert most of their biological actions through the AR. Furthermore, ARs are present in colorectal tissue and reportedly participate in the differentiation, proliferation and progression of CRC tissues ([@bib5], [@bib6]). Recently, a longer CAG repeat sequence in exon 1 of the *AR* gene was found to increase the risk of colorectal cancer ([@bib7]), but Javier Quilez found that genes containing polymorphic tandem repeats (TRs) exhibit higher variance accompanied by DNA methylation ([@bib8]). Additionally, methylation of *HpaII* and *HhaI* sites near the polymorphic CAG repeats was reported in the human *AR* gene ([@bib9]).

Research has revealed that the development of CRCs is due to multistep processes as a consequence of the accumulation of both mutations and epigenetic modifications of genes ([@bib10]). However, only 5--6% of CRC cases are due to inherited conditions, which are denoted as CRC genetic syndromes, predisposing individuals to develop the disease ([@bib11]). Meanwhile, only 20--25% of CRC patients have a family history, suggesting that the remaining CRC cases (75--80% of all cases) occur sporadically as a result of complex interactions between genetic and epigenetic susceptibility and environmental factors ([@bib12]).

The development of CRC involves alterations not only in tumor tissues but also other organ systems, including the immune system ([@bib13], [@bib14]). Leukocytes serve as a major component of immunology and have the advantages of easy access and detection. Analyses have shown that abundant inflammatory cells are recruited to the tumor microenvironment, which is called immune infiltration and has been proven to be critical in CRC ([@bib15]). Several studies focusing on the methylation of DNA in peripheral blood have revealed that this alteration might directly be a biomarker of the risk and prognosis of cancer ([@bib16], [@bib17], [@bib18]). Recently, studies have focused on the role of *AR* in prostate ([@bib19]), breast ([@bib20]), hepatocellular, pancreatic and bladder cancers ([@bib21]). However, few studies have reported the relationship between methylation in *AR* and the risk and prognosis of CRC, even though in a recent epidemiology study, CRC was identified as a hormone-dependent tumor ([@bib22]). Therefore, we hypothesized that methylation of *AR* is associated with the risk and prognosis of CRC.

Here, we first investigated the association between *AR* gene methylation in leukocytes in blood and its interaction with environmental factors and the risk of CRC in a case--control study. We also designed a cohort study to explore the association between *AR* gene methylation in both PBL and tissue and the prognosis of CRC.

Materials and methods
=====================

Study subjects
--------------

We identified 378 CRC patients who underwent surgery at the Department of Colorectal Surgery of the Third Affiliated Hospital of Harbin Medical University, and all patients were diagnosed based on pathology. Patients with malignant melanomas, non-Hodgkin's lymphoma, gastrointestinal stromal tumors, metastatic CRC (not suitable for surgery) and Lynch syndrome CRC were excluded. In total, 423 control subjects were recruited from the Department of Orthopedics and Ophthalmology at the Second Affiliated Hospital of Harbin Medical University during the same period ([Fig. 1](#fig1){ref-type="fig"}). Patients with gastrointestinal disease were excluded. Samples of peripheral blood (approximately 5 mL) were obtained from all subjects either before surgery for the cases or after enrollment but before treatment for the controls and immediately stored at −80°C. Figure 1Flow chart of the participant inclusion in the case--control study.

Tumor tissue specimens were collected during surgery, rapidly frozen in liquid nitrogen after removal, sent to the lab and immediately stored at −80°C. We included 307 patients from The Tumor Hospital of Harbin Medical University and carried out a cohort study to investigate the relationship between *AR* methylation in both PBL and tissue and prognosis in CRC. The patients were followed up at 3- to 6-month intervals during the first year after resection and annually thereafter. Clinical information regarding Dukes' stage, chemotherapy and the histological and pathological types was collected from the medical records. The overall survival (OS), which was defined as the time from surgery to the patient's death or final follow-up visit, was used as a measure of prognosis. The date of the final follow-up was March 15, 2014 (the 109th month). The rate of loss to follow-up was 16.6% ([Fig. 2](#fig2){ref-type="fig"}). Figure 2Flow chart of the participant inclusion in the cohort study.

Ethical approval
----------------

This study was carried out after obtaining written informed consent from the study subjects and approval from the Human Research and Ethics Committee of Harbin Medical University; therefore, this study was performed in accordance with the ethical standards stipulated in the 1964 Declaration of Helsinki and its subsequent amendments.

Analysis of the methylation status of *AR*
------------------------------------------

After successfully extracting genomic DNA from the peripheral blood samples and tumor tissue and applying sodium bisulfite modification, a methylation-sensitive high-resolution melting analysis (MS-HRM) was performed on a LightCycler480 machine (Roche Applied Science) with Gene Scanning Software (version 2.0) to detect and analyze the methylation status of *AR*. HRM was performed in a 10 μL volume system consisting of 5 μL of LightCycler480 High-Resolution Melting Master Mix (Roche), 0.25 μL of each primer, 1.4 μL of MgCl~2~ and 0.6 μL of a sodium bisulfite-modified DNA template. The final volume system contained 2.5 μl of PCR-grade water. The following primers were designed for the MS-HRM analysis to amplify the target area of chrX: 66766140-66766240 (hg19) located at exon 1 of AR using Primer Premier 5.0 software: forward primer 5′-CGTTCGTATTAAGTTGGAGAA-3′ and reverse primer 5′-ACAAACTCGCCAAATCCCC-3′. The PCR amplification protocol consisted of denaturation for 10 min at 95°C for one cycle; a two-step amplification method (referred to as preamplification) at 59°C for seven cycles, followed by 52°C for 50 cycles and extension lasting for 10 s at 72°C. In the melting protocol, the amplified fragments were propitious to 64--94°C with 40 signal acquisitions per degree and cooling at 40°C for 10 s.

A series of universal methylated (100% methylated) and unmethylated (0% methylated) human whole genomic DNA samples (Zymo Research) was used as a calibrator (100, 25, 10, 5, 2, 1 and 0% methylated DNA) by diluting the samples to different proportions with PCR-grade water ([Fig. 3](#fig3){ref-type="fig"}). In addition to these standards, non-DNA water was carefully added to each plate as a negative control, and all reactions were performed in duplicate. Figure 3Methylation-sensitive high-resolution melting (MS-HRM) for the detection of PBL *AR* methylation in standard samples. (A) Standard curves used in the *AR* MS-HRM assay. (B) Fluorescence profile obtained at the melting temperature of serial dilutions of methylated DNA (100, 25, 10, 5, 2, 1 and 0%) from the *AR* gene.

The HRM data, including the temperature shift, normalization and different plots, were analyzed using the software module mentioned above. The methylation status of *AR* was determined by comparing the melting curves of each sample to the series of standard dilutions in the gene scanning module, which was performed by two independent observers. Disagreements were settled by consensus or a third opinion. Based on the methylation level in PBL and tumor tissue, we used the ROC curve to determine the methylation cut-off point, which was 5 and 25%, respectively. A methylation level in the *AR* gene higher than the cut-off point was defined as hypermethylation; otherwise, the level was defined as hypomethylation.

Statistical analyses
--------------------

To test the statistical significance of the continuous variables, we chose two-sample *t*-tests, and for the categorical variables, we used chi-square (χ^2^) tests. Univariate and multivariate logistic regressions were applied to calculate the crude and adjusted estimate ORs and 95% CIs of the associations among environmental factors, *AR* methylation in PBL DNA and their interaction with CRC risk. The combined effects of the environment factors and methylation were analyzed by a crossover analysis. The OS was estimated using the life table method. The prognosis of patients considering the *AR* methylation and survival status was analyzed with a Cox proportional hazard regression model that generated HRs (hazard ratios) and 95% CIs to assess the potential factors affecting the survival time. Missing values were imputed via multiple imputation, and then the PS was calculated to control for potential confounding factors. All statistical analyses were performed using SPSS version 19.0, and *P* values \<0.05 were considered statistically significant.

Result validation
-----------------

We used an external GEO dataset of the EPIC-Italy study involving 590 participants (166 cases and 424 controls) and methylation levels detected by an Infinium Human Methylation450Bead chip (HM450, Illumina) to validate our results (Supplementary Fig. 1, see section on [supplementary data](#supp1){ref-type="supplementary-material"} given at the end of this article). EPIC-Italy is a multi-center prospective cohort study from the European Prospective Investigation into Cancer and Nutrition designed to investigate the risk of frequent cancers, such as colorectal cancer. This study recruited 47,749 volunteers (15,171 males and 32,578 females) between 1993 and 1998 from five districts in Italy ([@bib23]). After each participant signed an informed consent form, questionnaires were used to conduct the survey, and blood samples were taken and recorded at the center ([@bib24]).

Results
=======

Basic demographic characteristics of the cases and controls
-----------------------------------------------------------

This case--control study comprised 378 CRC patients (230 male and 148 female) and 423 (219 male and 204 female) controls. As shown in [Table 1](#tbl1){ref-type="table"}, statistically significant differences were observed in age, gender, BMI, marriage status and educational levels; therefore, we adjusted for these variables and other possible confounding factors using the PS method. The variables adjusted by the PS method are shown in Supplementary Tables 1 and 2. No significant differences were found in occupation and ethics between the cases and controls. Table 1Distribution of the characteristics of CRC patients and controls.VariablesNo. of CRC (*n* = 378), *n* (%)No. of control (*n* = 423), *n* (%)*P* value^a^Age, years0.012 Mean ± [s.d.]{.smallcaps}60 ± 11.29258 ± 10.632 ≤5064 (16.9%)89 (21.0%) 50-123 (32.5%)134 (31.7%) 60-109 (28.8%)135 (31.9%) \>7082 (21.8%)65 (15.4%)Gender0.010 Male230 (60.8%)219 (51.8%) Female148 (39.2%)204 (48.2%)BMI\<0.001 Mean ± [s.d.]{.smallcaps}23.31 ± 3.62124.52 ± 4.114 \<18.529 (7.7%)15 (3.6%) 18.5-151 (40.0%)136 (32.2%) ≥23198 (52.3%)272 (64.2%)Education0.002 Primary school and below221 (58.5%)201 (47.5%) Junior senior and above157 (41.5%)222 (52.5%)Occupation0.216 White collar180 (47.6%)183 (43.3%) Blue collar198 (52.4%)240 (56.7%)Marriage0.017 Married368 (97.4%)397 (93.9%) Others10 (2.6%)26 (6.1%)Ethic group0.563 Han365 (96.6%)404 (95.5%) Others13 (3.4%)19 (4.5%)Smoking\<0.001 No201 (53.2%)154 (36.4%) Yes177 (46.8%)269 (63.6%)Drinking0.027 No173 (45.8%)161 (38.1%) Yes205 (54.2%)262 (61.9%)Physical exercise0.070 No175 (46.3%)169 (40.0%) Yes203 (53.7%)254 (60.0%)Family history of colorectal cancer\<0.001 No346 (91.5%)394 (93.1%) Yes32 (8.5%)29 (6.9%)[^1]

Association between the methylation status of the *AR* gene in PBL and the colorectal cancer risk
-------------------------------------------------------------------------------------------------

Among the 801 total subjects, nearly two-thirds were successfully detected as having hypomethylation of *AR* (68.9%). We utilized two PS methods to adjust for the association between *AR* methylation and CRC risk. Hypomethylation of *AR* was related to a higher risk of CRC by both the PS adjustment (OR = 1.344, 95% CI: 1.147--1.575, *P* \< 0.001) and PS match adjustment methods (OR = 1.138, 95% CI: 1.000--1.292, *P* = 0.049) ([Table 2](#tbl2){ref-type="table"}). We used an external case--control study based on EPIC-Italy (GSE51032) to verify this association and achieved consistent results (OR = 2.109, 95% CI: 1.363--3.258, *P* \< 0.001) (Supplementary Table 3). Table 2Associations between *AR* gene methylation in PBL and CRC risk in different models.MethylationNo. of CRC (*n* = 378), *n* (%)No. of control (*n* = 423), *n* (%)UnadjustedPS adjustedPS matching adjustedOR (95% CI)*P* value^a^OR (95% CI)*P* value^b^OR (95% CI)*P* value^c^Hypermethylation91 (24.1%)158 (37.3%)1.0001.0001.000Hypomethylation287 (75.9%)265 (62.7%)1.869 (1.629--2.141)\<0.0011.344 (1.147--1.575)\<0.0011.138 (1.000--1.292)0.049[^2]

Subgroup analysis of the associations between *AR* gene methylation in PBL and the CRC risk
-------------------------------------------------------------------------------------------

Hypomethylation of *AR* shows a statistically significant higher risk of CRC in males (OR = 2.309, 95% CI: 1.200--4.245; *P* = 0.012) but not in females (OR = 1.000, 95% CI: 0.567--1.765; *P* = 0.999). Subjects aged ≤60 years, but not subjects older than 60 years, with hypomethylation of *AR* present a higher risk of CRC (OR = 1.744, 95% CI: 1.032--2.948; *P* = 0.038). The methylation status of *AR* seems to present a risk of tumor location (OR = 1.991, 95% CI: 1.160--3.416; *P* \< 0.001; OR = 2.266, 95% CI: 1.519--3.380; *P* = 0.103) but was not significant after the PS adjustment (OR = 1.132, 95% CI: 0.625--2.051; *P* = 0.638; OR = 2.266, 95% CI: 0.927--2.297; *P* = 0.103) ([Table 3](#tbl3){ref-type="table"}). Our results are consistent with the conclusion drawn based on the subgroup analysis of the GEO dataset in males, i.e., males with hypomethylation of *AR* tend to have a higher risk of CRC (OR = 2.184, 95% CI: 1.093--4.363; *P* = 0.027); however, the results differ in females such that females with hypomethylation of *AR* are also associated with an increased risk of CRC (OR = 1.996, 95% CI: 1.102--3.616; *P* = 0.023). Simultaneously, the group aged ≤60 years also presented a higher risk (OR = 2.524, 95% CI: 1.532--4.158; *P* \< 0.001), but no risk was observed in the subjects older than 60 years (OR = 1.021, 95% CI: 0.399--2.612; *P* = 0.965) (Supplementary Table 4). Table 3Subgroup analysis for *AR* methylation in PBL and CRC risk in different models.SubgroupNo. of hypomethylation, (*n* = 552), *n* (%)No. of hypermethylation, (*n* = 249), *n* (%)UnadjustedPS adjustedNo. case/no. controlNo. case/no. controlOR (95% CI)*P* value^a^OR (95% CI)*P* value^b^Gender Male383 (69.4%) 207/17666 (26.5%) 23/432.604 (1.475--4.608)0.0012.309 (1.200--4.425)0.012 Female169 (30.6%) 79/90183 (73.5%) 70/1131.387 (0.900--2.141)0.1381.000 (0.567--1.765)0.999Age, years ≤60282 (51.1%) 144/138131 (52.6%) 44/872.211 (1.408--3.473)0.0011.744 (1.032--2.948)0.038 \>60270 (48.9%) 142/128118 (47.4%) 49/691.569 (1.002--2.458)0.0491.041 (0.609--1.779)0.883BMI \<18.533 (6.0%) 20/1311 (4.4%) 9/22.542 (0.411--15.715)0.3124.207 (0.466--37.987)0.194 18.5-208 (37.7%) 115/9380 (32.1%) 35/450.627 (0.369--1.066)0.0850.684 (0.367--1.275)0.232 ≥23311 (56.3%) 152/159158 (63.5%) 49/1090.449 (0.297--0.678)\<0.0010.653 (0.398--1.069)0.090Location Colon66 (12.0%)22 (8.8%)1.991 (1.160--3.146)\<0.0011.132 (0.625--2.051)0.638 Rectum154 (27.9%)41 (16.5%)2.266 (1.519--3.380)\<0.0011.565 (0.927--2.297)0.103[^3]

Interaction effect between environmental factors and *AR* gene methylation on the CRC risk
------------------------------------------------------------------------------------------

An antagonistic interaction effect between *AR* hypomethylation and a higher intake of pungent food (\>1 day/month) on the risk of CRC was observed (OR~i~ = 0.505, 95% CI: 0.259--0.986, *P* = 0.045) (Supplementary Table 5).

Association between *AR* gene methylation in tissue and PBL and colorectal prognosis
------------------------------------------------------------------------------------

Genomic DNA from 307 colorectal tumor tissue samples was assessed for *AR* methylation; the frequency of *AR* hypermethylation was 50.49% (155/307). The methylation status of the *AR* gene does not seem to be associated with the prognosis of CRC (HR = 0.930, 95% CI: 0.674--1.285, *P* = 0.661). The analysis using the PS-matched adjustment method also shows the same results (HR = 0.969, 95% CI: 0.803--1.168, *P* = 0.738). We also did not observe an association between the *AR* gene methylation level in PBL and the prognosis of CRC (HR = 1.425, 95% CI: 0.895--2.269, *P* = 0.135) ([Table 4](#tbl4){ref-type="table"}). However, an association between *AR* methylation in tissue and prognosis was observed in our external verification using the TCGA dataset (HR = 3.485, 95% CI: 1.867--6.506; *P* \< 0.001; HR = 2.139, 95% CI: 1.12--4.085; *P* = 0.021) (Supplementary Table 6). Table 4Associations between *AR* methylation in tissue and PBL and CRC prognosis.MethylationGood prognosis (*n* (%))Poor prognosis (*n* (%))UnadjustedPS adjustedPS matching adjusted^c^HR (95% CI)*P* valueHR (95% CI)*P* valueHR (95% CI)*P* valueTissue^a^ Hypomethylation73 (47.4%)79 (51.6%)1.0001.0001.000 Hypermethylation81 (52.6%)74 (48.4%)0.892 (0.574--1.229)0.4840.930 (0.674--1.285)0.6610.969 (0.803--1.168)0.738PBL^b^ Hypermethylation63 (73.3%)53 (60.9%)1.0001.0001.000 Hypomethylation23 (26.7%)34 (39.1%)1.409 (0.911--2.181)0.1231.425 (0.895--2.269)0.1351.787 (0.848--3.766)0.119[^4]

Discussion
==========

Our study is the first to report that lowers methylation levels of *AR* in PBL DNA are associated with an increased CRC risk. Furthermore, we found that hypomethylation in males is more likely to confer a risk of colorectal cancer. We found that hypomethylation in cg17964359 and cg18156601 ([Fig. 4](#fig4){ref-type="fig"}) of the *AR* gene were significantly associated with CRC risk. The mean methylation of these two hypomethylation sites presents a similar risk of CRC as our findings. Notably, we also found that a stronger CRC risk was significantly associated with*AR* hypomethylation not only in males but also in females in the GEO dataset. This difference is most likely due to the limited number of female samples. Figure 4Position of the methylation probes in the *AR* gene from the HM450 BeadChip.

Studies have shown that males tend to develop colonic lesions at an earlier age than females ([@bib25]). In addition, the beneficial role of exogenous estrogen and/or progestin use against the development of colorectal cancer has been consistently shown among postmenopausal women ([@bib26]). A pool of data from four prospective cohort studies revealed an inverse association between the circulating levels of testosterone and CRC risk in men ([@bib27]). Furthermore, studies have found that long-term androgen deprivation therapy for prostate cancer is associated with an increased risk of colorectal cancer ([@bib28]).

In 1991, researchers detected androgen receptors in normal intestinal mucosa and paired tumor biopsy specimens and found an increased AR level in the tumor tissue ([@bib29]). The intestinal epithelium accomplishes continuous renewal through a structure called crypt-villus units, which are involved in the dynamic process of stem cell migration to the surface of the epithelium ([@bib30]). Recently, studies have confirmed that cell proliferation and apoptosis in the crypt--villus axis are regulated by the Wnt cascade, which can activate the classical b-catenin pathway and is involved in colon tissue self-renewal ([@bib31]). The cytoplasmic protein b-catenin plays the most important role in this mechanism. Truica *et al*. indicated that beta-catenin can significantly enhance the androgen-stimulated transcriptional activation of *AR* and simultaneously increase *AR* transcriptional activation by androstenedione. Furthermore, the AR protein assists in transporting beta-catenin into the nucleus when exposed to exogenous androgen ([@bib32]).

Studies have shown that methylation in promoters can lead to gene silencing in CRC. Kimberly P verified that reducing methylation in *AR* and increasing *AR* mRNA and protein abundance controls the reaction to androgen sensitivity ([@bib33]). Androgen, particularly testosterone, plays a significant role in the development of CRC since studies suggest that the indirect tumor-promoting effects of testosterone more likely explain the disparity between the sexes in the development of colonic adenomas ([@bib34]). We hypothesized that a low level methylation in *AR* in PBL can decrease the activation of AR and thus reduce the sensitivity to androgen and contribute to the risk of CRC. However, more evidence is needed in the future.

We found that younger (≤60 years) patients presented a positive correlation between *AR* hypomethylation and an increased CRC risk (OR = 1.744) compared to older (\>60 years) patients. Interestingly, the same result was found in the GEO dataset in which younger hypomethylation patients showed a distinctly higher risk of CRC (OR = 2.524). Increased levels of androgen were observed in the younger patients compared with those in the patients older than 60 years ([@bib35]), which may have contributed to the high risk of CRC in the hypomethylation of *AR* in young adults.

In our study, we observed a higher methylation level in the tumor tissue than that in the adjacent nontumoral tissue (Supplementary Fig. 2). Castagnetta and his colleague found that a discrepancy in the AR status between nontumoral and malignant human colorectal tissues was predominantly 67% positive in nontumoral tissues; in contrast, regarding malignant tissues, only 32% of cases had a positive AR status ([@bib36]). We further examined the mean methylation status of *AR* (cg17964359 and cg18156601) and the expression level in the TCGA dataset and found a weak inverse correlation (r~mean~ = −0.171, *P* = 0.001) (Supplementary Fig. 3). Another dataset of 53 colorectal cancer cell lines also indicated a weak inverse correlation between methylation and expression levels (*r* = −0.261, *P* = 0.059) (Supplementary Fig. 4). The evidence shows that a high expression of *AR* is associated with a poor prognosis in esophageal carcinoma and breast cancer patients ([@bib37], [@bib38]). However, research indicates that this phenomenon does not exist in gastric cancer ([@bib39]). In our study, we did not find that a high level of *AR* methylation is associated with a poor prognosis likely due to the limited sample size. However, this association was found in the TCGA dataset. Therefore, a large number of samples is recommended for further studies.

MS-HRM is a specific and sensitive assay that is easily applicable and enables the detection of as little as 0.1--1% of methylated DNA in a sample. This method can detect more CpG dinucleotide fragment lengths, suggesting that it possesses multisite consecutive judgment to obtain more accurate methylation detection signals, whereas only a limited CpG coverage by the primer is detected by Q-MSP ([@bib40], [@bib41]). Furthermore, the results of HRM are stable and not compromised by the heterogeneous methylation of particular CpGs, the design of primers and the incomplete conversion of samples ([@bib42]); thus, this approach will hopefully be widely applied in the clinical setting for screening in the future.

However, there are still some limitations to our study. First, we did not distinguish the type of cells in PBL; nevertheless, a study focusing on the methylation levels of DNA in five different leukocyte subtypes suggested that different leukocyte subtypes might not affect the DNA methylation level in peripheral blood ([@bib43]). Second, our research results are based on a case--control study and cannot provide confirmation regarding whether the methylation of *AR* is a preparatory epigenetic event of CRC or a cancer-derived consequence; however, the GEO data are derived from a nested case-control study involving the prospective EPIC-Italy cohort in which methylation information was collected prior to the diagnosis of CRC. The results based on GEO strongly supported our findings. Additionally, we need to further explore the pathogenesis mechanism of *AR* methylation and CRC risk.

In conclusion, our study provides a novel potential biomarker of the methylation alteration of *AR* in PBL, and this phenomenon may contribute to the sex difference in CRC risk. We hope that more studies involving large samples will explore the relationship among *AR* methylation, CRC risk and prognosis in the future.
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[^1]: ^a^*P* value calculated using Student's *t*-test for continuous variables or Pearson's chi-squared test for categorical variables.

[^2]: ^a^*P* value calculated using unconditional logistic regression. ^b^*P* value calculated using propensity scores adjusted. ^c^*P* value calculated using propensity scores matching adjusted. Individuals with extreme propensity score are excluded (CRC, *n* = 133 and control, *n* = 178).

[^3]: ^a^*P* value calculated using unconditional logistic regression. ^b^*P* value calculated using propensity scores adjusted.

[^4]: ^a^Good prognosis *n* = 154, poor prognosis *n* = 153 in tissue. ^b^Good prognosis *n* = 86, poor prognosis *n* = 87 in PBL. ^c^Individuals with extreme propensity score are excluded (poor prognosis, *n* = 65 in tissue and *n* = 12 in PBL) and (good prognosis, *n* = 66 in tissue and *n* = 13 in PBL).
